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(54) SOFTWARE RADIO RECEIVER USING RF-FILTER BANK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a software radio receiver using an RF- 
filter bank capable of eliminating an interference signal on the outside of a 
bandand capable of forming an arbitrary matched filter having the same high 
performance as a dielectric filter. 

SOLUTION: The software radio receiver has the RF-filter bank and a multi-input 
transversal filter. The RF-filter bank is composed of a plurality of RF filtersAD- 
converts outputs from each RF filterand compensates the deviation of each filter 
characteristic by the multi-input transversal filter. The RF-filter bank further leads 
out the tap weighting factor of the multi-input transversal filter by the method of a 
least square by using a training signal and optimally synthesizes the tap weighting 
factorand forms the arbitrary matched filter by the RF-filter bank and a digital- 
signal processing. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the software radio set provided with an RF filter bank and a multi input 
transversal filter 

Said RF filter bank comprises two or more RF filters 



The AD translation of the output of each of said RF filter is carried outand a 
deviation of each filter characteristics is compensated with said multi input 
transversal filter 

The optimal synthesis of the tap weighting factor of said multi input transversal 
filter is drawn and carried out with a least-squares method using a training signal 
A software radio set using an RF filter bank characterized by forming arbitrary 
matched filters by said RF filter bank and digital signal processing. 
[Claim 2] 

An RF signal and a training signal change-over switchand an RF filter bankTwo or 
more mixerstwo or more low pass filtersand two or more A/D convertersA 
software radio set using an RF filter bank comprising a multi input transversal 
filtera weighting-factor controllera demodulatora reference signal generatora 
training signal generatorand a frequency synthesizer. 
[Claim 3] 

Said RF signal and training signal change-over switch switch an RF signal inputted 
into said RF filter bankand a training signal generated by said training signal 
generator 

Said RF filter bank comprises two or more RF filtersand considers an output band 
signal of said RF signal and training signal change-over switch as an inputand it is 
made to output two or more zone signals. 

Said two or more mixers are made to carry out the multiplication of the carrier 
signal of carrier frequency generated with said frequency synthesizer to said two 
or more zone signals outputted from said RF filter bankrespectively 
Said two or more low pass filters extract only a baseband signal ingredient from an 
output of said mixer 

Said two or more A/D converters sample a baseband signal which is an output of 
said low pass filterand change it into a digital signal 

Said multi input transversal filter carries out linearity composition of the output 
signal of two or more of said A/D convertersand it is made to output a detection 
signal. 

Said weighting-factor controller controls a tap weighting factor of said multi input 
transversal filter using a difference with an ideal impulse response to said 
detection signal and said training signal 

A software radio set using the RF filter bank according to claim 2 from which said 
demodulator recovers said detection signal. 
[Claim 4] 

A software radio set using the RF filter bank according to claim 3 using a band- 
pass filter of variable or immobilization as said RF filter. 
[Claim 5] 

A software radio set using the RF filter bank according to claim 4 in which said 
band-pass filter is the Gaussian band pass filter. 
[Claim 6] 

A software radio set using the RF filter bank according to any one of claims 3 to 5 
using a chirp signal as said training signal. 



[Claim 7] 

A software radio set using the RF filter bank according to any one of claims 3 to 6 
controlled by a least-squares method so that said weighting-factor controller 
makes an estimated error a difference of said detection signal and said ideal 
impulse response and an absolute value square value of said estimated error 
becomes the minimum. 
[Claim 8] 

A software radio set using the RF filter bank according to claim 7 using an LMS 
algorithm or an RLS algorithm which is a successive least-squares method as said 
least-squares method. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the software radio set which can form the arbitrary 
matched filters which had the high performance equivalent to a dielectric filter 
with them especially so that interference signal removal out of band was possible 
about a software radio set. 
[Background of the Invention] 
[0002] 

In recent yearsresearch and development of software defined REDIO (it is also 
called SDR:Software-defined Radio and software radio) by digitization and 
software-izing of the circuit for mobile radio transmission are furthered. A 
software radio set (SDR receiver) is a receiver which can respond easily by 
software to an adaptive modulation methodvariable band widthvariable center 
frequencyand which multiband various transmission systems. 
[0003] 

Howeversince the input signal (RF signal) of radio is generally a zone signal of high 
frequencyits diversity of the range of fluctuation of a level and bandwidth is very 
large. Interference signal electric power may be very large compared with a 
desired signal. Thereforedifferent approach from general baseband signal 
processing to an AD translation is required. 
[0004] 

By the wayartsuch as direct conversion (direct conversion)low IF (Low-IF)a filter 
banka fraction cycle samplingand an offset frequency samplingis important AD 
translation component engineerings in software radio (it is also only hereafter 
called SDR). 
[0005] 

For examplein "the receiver using a low IF method" indicated by the nonpatent 
literature 1 Although the sampling rate and quantifying bit number of an A/D 



converter (ADC) are stopped the filter bank by a switched capacitor filter 
(SCF)and by using a fraction cycle samplingOnly with a switched capacitor filter 
(SCF)an alias occurs in a sampling and there is a problem that interference signal 
removal out of band is difficult. Realization of an RF filter and the problem of being 
difficult are produced. 

[Nonpatent literature 1] Yukitoshi Sanada and Masaaki Ikehara 
collaborationexamination about the coefficient error compensation of the complex 
coefficient filter bank in a low IF receiving methodShingaku GihoNS2001- 
79RCS2001-80p. Julyl 2-2001 [7-] 

[Nonpatent literature 2] W . S . tea . Jan (W. S.T.Yan) R . Kay . See . MAKU (R. 
KC.Mak) h . See . The Luong (H. C.Luong) collaboration and "2-V 0.8-/spl mu/m 
CMOS Monolithic . RF filter Fau GSM RESHIBAZU . ''2-V0.8-/splmu/m CMOS, 
monolithic RF filter for GSMreceivers"" and IEEE MTT-S Yne TANA. Microwave 
Symposium . Digest (IEEE MTT-S Intern. MicrowaveSymp. Digest)The 2nd volumep. 
June572-1999 [ 569-] 

[Nonpatent literature 3] Wye . Wu (Y. Wu) EKUSU . DINGU (X. Ding) em . Ismail (M. 
Ismail) h . Orson (H. Olsson) collaboration and "RF Bandpass filter design 
BEISEDO one CMOS. Active Inda KUTAZU "RFbandpass. filter design based on 
CMOS active inductors"" and IEEE Transformer Sir KITTOZU SHISUTE II 
(IEEETrans. Circuits Syst II)The 50th volumeNo. 12p. December949-2003 [ 942-] 
[Nonpatent literature 4] R . El . Bolu Wick. (R. LBorwick) - Py . ray . stoper (P. 
A.Stupar) Jay . F . DENATARE (J. F.DeNatale) R . Anderson (R. Anderson) R . 
ERURANDOSON (R. Erlandson) collaboration and "variable . MEMS 
KYAPASHITAZU In play MENTEDO . Yingde RF filter Systems . "VariableMEMS 
capacitors, implemented into RF filter systems"" and IEEE Transformer . One 
Microwave Theory And Taegu . (IEEETrans. on Microwave Theory and Tech.)The 
51st volumeNo. 1p. January31 9-2003 [ 31 5-] 

[Nonpatent literature 5] R . em . young people. (R. M.Young) - Jay . dee . Adam. (J. 
D.Adam) - See . R . bail (C.) R. Vale and tea . tea . BURAGUGINZU. (T. T.Braggins) 

- S . BUI . Krishna SUWAMAI (S. V.Krishnaswamy) See . E . Milton (C. E.Milton) 
dee . W . Veber (D. W.Bever) El . G . Chorosinski. (L G.Chorosinski) - Lee . 

shoe . .A chain. (Li-ShuChen) A - dee . E . croquette. (D. E.Crockett) - See .B. Fly 
DEHOFU. (C. B.Freidhoff) - S . h . TARISA. (S. H.Talisa) - E . Capelle. (E. Capelle) 

- R . TORANCHINI (R. Tranchini) Jay . R . fender (J. R.Fende) Jay . em . 
ROSHIOIRU (J. M.Lorthioir) Ey . R . TORIESU (A. R.Tories) collaboration and "low 
loss . Bandpass RF Filter Yuzu citron INGU MEMS Capacitance SUITCHIZU Two 
Achievement AWAN octave Tuning, range And INDEPENDENTORI Variable . band 
WIDOUSU . "Low-lossbandpass RF filter using MEMS capacitance switches 
toachieve a one-octave tuning range and independently variable bandwidth"" and 
IEEE MTT-S Yne TANA. Microwave Symposium . A digest (IEEEMTT-S Intern. 
Microwave Symp. DigesOthe 3rd volumep. Junel 784-2003 [ 1781-] 
[Nonpatent literature 6] Ey . Tom Baku. (A. Tombak) - Jay . Py . Mary. (J. P.Maria) 

- F . tea . eye GUABIBESU (F. T.Ayguavives) ZETT . Ching (Z. Jin) G . tea . 
SUTAUFU (G. T.Stauf) Ey . eye . KINGON (A. I.Kingon) Amilar . Molter ZAWI (Amir 



Mortazawi) collaboration and "voltage conte ROREDO RF Filter ene pro INGU 
SUIN Film barium strontium titanate Chu Nabeul KYAPASHITAZU "Voltage- 
controlledRF. filters employing thin-film. Barium-Strontium-Titanatetunable 
capacitors"" and IEEE Transformer . Microwave Theory And One Taegu . (IEEE 
Trans. onMicrowave.) Theory and Tech.the 51st volumeNo. 2p. February467-2003 
[ 462-] 

[Nonpatent literature 7] offset N . SATO (N. Sato) h . Suzuki (H. Suzuki) S . 
SUYAMA (S. Suyama) Kay . FUKAWA (KFukawa) collaboration and "complex form 
bandpass sampling [ ] — the Wiz. frequency Sampling And Quad RACHUA . 
component INTAPORESHON Fau . MOJURETEDO . SIG — NARUZU . 
"Complexform bandpass sampling with offset frequency samplingand quadrature 
component interpolation for modulatedsignals"." IEICE transformer . One 
KOMMINYU. (IEICE Trans, on Commui.)the 86th volumeNo. 12p. December3520- 
2003 [35 13-] 

[Nonpatent literature 8] S . Haykin (S. Haykin)an adaptive filter theory 
AdaptiveFilter Theory""Prentice A hole (Prentice-Hall)l 996 
[Nonpatent literature 9] "IEEE Std 802.1 1a-1 999 [ISO/IEC 8802-1 1:1 999/Amd 
1:2000(E)] part 11: Wireless LAN Medium access control (MAC) And . Physical (.) 
Layer PHY SUPESHIFIKEISHONZU and high speed . physical Layer Yne the — 5 
GHz. band . "lEEEStd 802.1 1a-1999[ISO/IEC 8802-1 1 :1 999/Amd 1:2000(E)] 
Parti 1: Wireless LANMedium Access Contorol (MAC)and Physical. Layer 
specifications (PHY)High-speed Physical. Layer in the 5GHz Band"" and 
LAN/MAN SUTANDADOZU Committee OFF the — IEEE comp . SOKU . 
(LAN/MANStandards Committee of the IEEE Comp. Soc). p. 9p.37-1999 years 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0006] 

On the other handin RF belt more than a UHF bandthe research and development 
which integrate the whole receiver are furthered in recent years. In order to 
realize a practical multi-input multi-output (MIMO) communications 
systemintegration of RF belt is indispensable. Examination also in itthe analog filter 
which changes the center frequency and bandwidth of RF belt is very 
importantand according to CMOSMEMSetc. is advanced (refer to the nonpatent 
literature 2 - nonpatent literature 6). Howeverit is dramatically difficult to realize 
high performance like a dielectric filter with these semiconductor variable RF 
filters. 
[0007] 

From the above situationsthis invention is made and the purpose of this 
inventionlt is in providing the software radio set using an RF filter bank which can 
form the arbitrary matched filters which enabled removal of the interference signal 
out of bandand had the high performance equivalent to a dielectric filter with them. 
[Means for Solving the Problem] 
[0008] 

This invention an RF filter bank about a used software radio set the purpose of 



mentioning this invention aboveAre an RF filter bank and a multi input transversal 
filter the software radio set which it hadand said RF filter bankComprise two or 
more RF filterscarry out the AD translation of the output of each of said RF 
filtercompensate a deviation of each filter characteristics with said multi input 
transversal filterand using a training signal with a least-squares method. The 
optimal synthesis of the tap weighting factor of said multi input transversal filter is 
drawn and carried outand it is effectively attained by forming arbitrary matched 
filters by said RF filter bank and digital signal processing. 
[0009] 

The purpose of mentioning this invention above An RF signal and a training signal 
change-over switchAn RF filter banktwo or more mixersand two or more low pass 
filtersBy comprising two or more A/D convertersa multi input transversal filtera 
weighting-factor controllera demodulatora reference signal generatora training 
signal generatorand a frequency synthesizerOr said RF signal and training signal 
change-over switchSwitch an RF signal inputted into said RF filter bankand a 
training signal generated by said training signal generatorand said RF filter 
bankComprise two or more RF filtersconsider an output band signal of said RF 
signal and training signal change-over switch as an inputmake it output two or 
more zone signalsand said two or more mixersAs opposed to said two or more 
zone signals outputted from said RF filter bankAre made to carry out the 
multiplication of the carrier signal of carrier frequency generated with said 
frequency synthesizerrespectivelyextract said two or more low pass filters from an 
output of said mixerand only a baseband signal ingredient said two or more A/D 
convertersSample a baseband signal which is an output of said low pass filtermake 
it change into a digital signaland said multi input transversal filterCarry out linearity 
composition of the output signal of two or more of said A/D convertersmake it 
output a detection signaland said weighting-factor controllerUsing a difference 
with an ideal impulse response to said detection signal and said training 
signalcontrol a tap weighting factor of said multi input transversal filterand said 
demodulatorBy restoring to said detection signalor by using a band-pass filter of 
variable or immobilization as said RF filterOr when said band-pass filter is the 
Gaussian band pass filterOr by using a chirp signal as said training signalOr by said 
weighting-factor controller's making an estimated error a difference of said 
detection signal and said ideal impulse responseand being controlled by a least- 
squares method so that an absolute value square value of said estimated error 
becomes the minimumOr it is attained much more effectively by using an LMS 
algorithm or an RLS algorithm which is a successive least-squares method as said 
least-squares method. 
[Effect of the Invention] 
[0010] 

Since arbitrary matched filters can be formed using the RF filter bank formed with 
RF variable filter on a semiconductoretc. according to the software radio set using 
the RF filter bank concerning this inventionAn interference signal out of band is 
removedand the outstanding effect that high performance equivalent to a 



dielectric filter is realizable is done so. 
[0011] 

According to this inventionit can be accumulated on a semiconductor and software 
can realize easily the software radio set which can be changed for 
bandwidthcenter frequencyand a multi-band. 
[Best Mode of Carrying Out the Invention] 
[0012] 

Hereafterthe best gestalt for carrying out this invention is explained with 
reference to drawings. 

The composition and the principle of <1> this invention 
The display of <1-1> input signal 

The composition of the suitable example of the software radio set (it is also only 
hereafter called an SDR receiver) using the RF filter bank concerning this 
invention is shown in drawing 1 . 
[0013] 

As shown in drawing 1 the SDR receiver 1 of this invention comprises the following: 

RF switch 10. 

RF filter bank 20. 

Two or more mixers 30. 

The reference signal generator 40the training signal generator 45two or more low 
pass filters (LPF) 50two or more A/D converters (ADC) 60the multi input 
transversal filter (TVF) 70the weighting-factor controller 80and the demodulator 
90. 

[0014] 

In the SDR receiver 1 of this invention shown in drawing 1 RF switch 10 switches 
the radio signal (RF signal) received with the antennaand the training signal 
generated by the training signal generator 45 synchronized with the reference 
signal which is an output of the reference signal generator 40. In the RF filter bank 
20the output band signal of RF switch 10 is considered as an inputAfter dividing 
the output band signal into K signals (K is a positive integer)it lets the band-pass 
filter (BPF) 25 which differed each signaland the low noise amplifier 28 passand K 
zone signals are outputted. 
[0015] 

Nextthe mixer 30 of plurality (K pieces) carries out the multiplication of the carrier 
signal of the carrier frequency generated with the frequency synthesizer 48 
synchronized with the reference signal which is an output of the reference signal 
generator 40 to K zone signals outputted from the RF filter bank 20respectively. 
And the low pass filter (LPF) 50 of plurality (K pieces) extracts only a baseband 
signal ingredient from the output of the mixer 30. 
[0016] 

NextA/D converter (ADC) 60 of plurality (K pieces) samples the baseband signal 
which is an output of the low pass filter (LPF) 50and changes it into a digital signal. 
And the multi input (K input 1 output) transversal filter 70 carries out linearity 



composition of the output signal of A/D converter (ADC) 60 of plurality (K 

pieces)and outputs a detection signal. 

[0017] 

Herethe weighting-factor controller 80 controls the tap weighting factor of the 
multi input (K input 1 output) transversal filter 70 using a difference with the ideal 
impulse response to the detection signal and training signal which are outputted 
from the multi input (K input 1 output) transversal filter 70. 
[0018] 

That isin the weighting-factor controller 80a difference with the ideal impulse 
response to the detection signal and training signal which are outputted from the 
multi input (K input 1 output) transversal filter 70 is made into an estimated error 
(estimated error signal)He is trying to control the tap weighting factor of the multi 
input (K input 1 output) transversal filter 70 using a least-squares method so that 
the absolute value square value of the estimated error becomes the minimum. It is 
preferred that the LMS algorithm which is a successive least-squares methodand 
an RLS algorithm are realized as a concrete techniquefor example. 
[0019] 

The demodulator 90 restores to the detection signal outputted from the multi 

input (K input 1 output) transversal filter 70. 

[0020] 

When it explains to details morein the SDR receiver concerning this invention an 
RF filter banklt comprises two or more RF filtersand by this exampleit comprises K 
band-pass filters (BPF)and it is narrower than the zone of an input RF signaland is 
the whole RF filter bankand the zone of each BPF assumes here that the zone of 
an input signal is covered. 
[0021] 

Nextthe zone signal of an RF filter output is amplified by a low noise amplifierand 
frequency conversion is further carried out with the local signal from a frequency 
synthesizer to baseband. Harmonic content is removed by the low pass filter 
(LPF)and the signal by which frequency conversion was carried out is changed into 
a digital signal by an A/D converter (ADC). Let the digital signal by which the 
sample was carried out be a complex envelope. An optimal synthesis is carried out 
with a transversal filter (TVF)a receiving baseband signal is generatedand a 
complex envelope is passed to a demodulator. 
[0022] 

Herecenter frequency of RF input signal s (t) inputted into an RF filter bank is 
made into f c . 
[0023] 
[Equation 1] 



[0024] 
[Equation 2] 



Howevere s (t) is a complex envelope and E s (f) is the Fourier transform (Fourier 
transform) of complex envelope e s (t). <=> expresses a relation of the Fourier 
transform. 
[0025] 

Signal x k (t) by which the k-th RF filter output was sampled is expressed as 
follows as e xk (t) <=>E xandk (f). 
[0026] 
[Equation 3] 



[0027] 
[Equation 4] 



Heref r and phi r are the frequency and the phases of a standard carrier 
signalandbeloware taken as f r =f c and 0 <=phi r <2pi. G k (f) and phi k (f) express the 
profit and phase by which k-th BPF and an amplifier were 

compoundedrespectively. H k (f) is the Fourier transform of equivalent low-pass 
impulse response h k (t) of BPFandbelowthe profit of center frequency makes it 
Gaussian BPF of 1 for simplification. 
[0028] 
[Equation 5] 



[0029] 
[Equation 6] 



[0030] 
[Equation 7] 



HoweverB k is the 3~dB bandwidth of each filter 



It comes out. 
[0031] 

A complex envelope which sampled x k (t) by ADC and was quantized is made into 
{x k (i)J. Howeverx k (i) sets a sampling period to deltat and expresses a sampling value 
of tj=ideltat. When s (t) makes f max the maximum frequency of a signal by which 
frequency conversion was carried outit is deltat=1/2f max . It is also possible to 
sample at a still lower rate by a complex sampling or fraction cycle sampling (refer 
to nonpatent literature 7). 

<1-2> optimal synthesis 

Since (x k (i)} divides one signal in frequencyit is necessary to compound and it 
needs to be reproduced. In that caseremoval of areas of overlap of BPFadjustment 
of a profitand correction of a delay distortion are made. That isit considers that 
these are linear strains and an optimal synthesis is carried out with a least- 
squares method with a multi input linear equalization machine realized with a 
transversal filter (TVF). 
[0032] 

Belowa minimal mean squared error (MMSE) norm performs an optimal synthesis 
using the K M stages (M is a positive integer) TVF. Synthetic output y(i) is 
expressed as follows. 
[0033] 
[Equation 8] 



[0034] 
[Equation 9] 



[0035] 

[Equation 10] 



[0036] 

[Equation 1 1] 



[0037] 

[Equation 12] 



A training signal by <1-3> chirp signal 

In order to determine a tap weighting factor of TVFchirp signal s c (t) generates a 
training signal. According to the following methodsa matched filter to arbitrary 
input signals can be formed. 
[0038] 

Firsta discrete chirp signal shown in drawing 2 is generated using a frequency 
synthesizer. Since ADC samples L discrete signals when it is frequency with a 
chirp signalthe one section serves as T L =Ldelta t . s c (t) in n-th time-intervals (- 
N f <=n<=N f ) t** [(N f +n) T L T(N f +n+1) J is expressed as follows. 
[0039] 

[Equation 13] 



[0040] 

[Equation 14] 



Hereg n (t) is a complex envelopeand f s is a frequency stepmakes the frequency 
span of a chirp delta F and it is f s =delta F /2N f . The time offset expressed with 
tau d =ddelta t for the integer d is for sampling the effective time intervals of an 
impulse response. 
[0041] 

A digital signal [ as opposed to s c (i) and it for the chirp signal in T(N f +n) L +idelta t of 
the section n ] is made into x nandk (i). What shifted the starting point of this time 
like drawing 2 



** 



It carries out. 
[0042] 

[Equation 15] 



[0043] 

[Equation 16] 



It is here 



** — expressing a virtual impulse input signal 



** — a response of BPF to a virtual impulse input signal or an amplifier is 
expressed. Thereforea matched filter will be formedif an equalizer coefficient is set 
up so that an output of a multi input linear equalization machine may become the 
same as a spectrum of input signal s (t). Since a spectrum of s (t) is decided by 
pulse shape p r (t-tau d ) of a symbolit expresses the sampled value with p r (i~d). 

<1-4> It is a form least-squares method one by one. 

An ideal impulse response in baseband to a training signal 



It carries out and an RLS algorithm or an LMS algorithm which is a successive 
least-squares method determines a tap weighting factor of a multi input linear 
equalization machine (refer to nonpatent literature 8). An input signal of a multi 
input linear equalization machine 



It is alikeand P(i) and a tap weighting factor vector are set to wand an oblivion 
coefficient is set to lambda (0< lambda<=l) for a receiving correlation inverse 
matrix. Valuation function J(i) with index dignity is used. 
[0044] 

[Equation 17] 



[0045] 

[Equation 18] 



When w which makes J(i) the minimum is made into w(i)the updating type of w(i) is 

as follows. 

[0046] 

[Equation 19] 



[0047] 

[Equation 20] 



[0048] 

[Equation 21] 



[0049] 

[Equation 22] 



The time i is **************ed in the above-mentioned expressionand it is a pan 



It can update. An initial value of correlation inverse-matrix P(i) of i= 0 and w(i) is 

set up as follows. 

[0050] 

[Equation 23] 



[0051] 

[Equation 24] 



delta is the minute number of positives definitel is an identity matrix of KMxKM 

hereand 0 is KM dimension zero vector. 

[0052] 

By performing periodically the RLS algorithm or LMS algorithm which is a 
successive least-squares method using training mentioned aboveThat ischange of 
the filter bank in the receiver by agingan environmental variationetc.amplifier 
characteristicsetc. can be compensated by updating a tap weighting factor 
periodically. 

<2> computer simulation 
<2-1> simulation condition 

Computer simulation was performed in order to evaluate the receiving 
characteristic of a software radio set using an RF filter bank concerning this 
invention. The Gaussian band pass filter (gauss BPF) is used for an RF filter bank. 
Except for quantization of ADCcalculation was performed by a double precision 
floating point. Since training was generated within a receiverit is high-level enough 
and it was presupposed that there is no noise in an input. A phase of a standard 
career presupposed that it is ideal. 
[0053] 

As an error of a parameterto the 3-dB bandwidth of the gauss BPF of a filter 
bank**5%**1 dB was assumed on a synthetic profitand uniform distribution of the 
range of **T s (1 / 8T s step) was assumed at 0-2piand synthetic delay at a 
synthetic phase. The characteristic shows an ensemble average about a symbol. 
[0054] 

A simulation condition is shown in the following table 1. In a sending signalQPSK is 
used for a modulation method and a rate of a roll-off is 0.25. In a filter bankit 
arranged at a frequency [ gauss / BPF ] interval. 
[0055] 
[Table 1] 



The receiving characteristic in a <2-2> single career 

Firstthe simulation about signal reception of a single career was performed. 
Complex envelope e s (t) of a sending signal is made into the 25 following. 
[0056] 

[Equation 25] 



Here1/T s expresses a symbol rate and b (I) expresses QPSK of time jT s or the 
symbol of 16QAM. p r (t) is a route roll-off pulse transmitted. 



[0057] 

QPSK of a route roll-off or the input signal spectrum of 16QAM is shown in 
drawing 3 . -6 dB was shifted and the signal component was displayedin order to 
make a figure legible. The eye pattern of the compounded QPSK signal is shown in 
drawing 4 . As a result of compoundinga matched filter is formed in a receiving 
system and the ideal waveform without intersymbol interference is acquired. The 
power spectrum of a synthetic output is shown in drawing 5 . It was not concerned 
with the existence of the deviation of BPF center frequencya synthetic profitand a 
synthetic phasebut was in agreement with the spectrum of a cosine roll-off. The 
situation of convergence of the 2nd [ an average of] power error (MSE) in an RLS 
algorithm is shown in drawing 6 . It is converging quickly after 60 steps which a 
matrix element converges to some extent so that drawing 6 may show. The 
remainder of MSE is considered that the quantization error of each tap was 
accumulated. 

A receiving characteristic in <2-3> multi-carrier (orthogonal frequency division 
multiplex (OFDM) signal) 

Nextin order to check the fine structure for every frequencya receiving 
characteristic in a multi-carrier (OFDM signal) was evaluated. Specification based 
on wireless LAN standard IEEE802.1 1a was set up (refer to nonpatent literature 9). 
Howevera subcarrier interval was adjusted so that it might be easy to compare 
with a model of a single career. 
[0058] 

Route roll-off pulse p r (t) of the rate 0.1 of a roll-off is used for a sending signal so 
that a spectrum mask may be filled. Thereforeto the odd subcarriers N [ several ] 
when [ make a subcarrier frequency interval of OFDM into delta^nd ] N h = (N-1) / 
2complex envelope e s (t) of OFDM is as follows. 
[0059] 

[Equation 26] 



[0060] 

[Equation 27] 



However{b n (j)} expresses symbols in time jT s of the n-th subcarriersuch as QPSK 

and 16QAM. It is assumed that guard intervals (GI) are contained. 

[0061] 

A power spectrum of a signal which passed each gauss BPF which constitutes a 
filter bank is shown in drawing 7 . A power spectrum of a signal which carried out 
the optimal synthesis of these outputs is shown in drawing 8 . It was not concerned 
with existence of a deviation of BPF center frequencya synthetic profitand a 



synthetic phasebut was in agreement with a spectrum of a cosine roll-off. It turns 
out that it is based on neither a zone nor receiving formbut the optimal synthesis 
is operating as a matched filter. 

<2-4> noise and the interference characteristic 

In order to clarify the interference characteristic of a software radio set (it is also 
only hereafter called a filter bank receiver) using an RF filter bank concerning this 
inventionan interference wave out of band was superimposed on an additivity 
white Gaussian random noise (AWGN) channeland a transmission characteristic 
was examined. Relation between a desired signal and interference wave S; (t) is 
shown in drawing 9 . An interference wave considered it as a non-modulating 
signaland made offset from f e of the frequency twice a symbol rate. It will become 
an alias if it detaches moresince it is a sampling 4 times. It is expressed with the 
28 following when amplitude of an interference wave is made into Aj. 
[0062] 

[Equation 28] 



For comparisonthe characteristic of the receiver (it is also only hereafter called a 
digital filter receiver) by the conventional digital filter was also measured. In this 
casea matched filter is formed only by a digital filter. Let an antialiasing receiving 
analog filter be an ideal filter of the bandwidth of **2/T s . 
[0063] 

It set up so that a maximum input signal level might turn into voltage of the half of 
the input dynamic range of ADC. Since the deviation of a profita phaseand 
bandwidth was proofread by the optimal synthesis as mentioned abovebelowit was 
presupposed that these deviations do not exist. Examination is advanced on the 
basis of eight bit samplings. 
[0064] 

Firstthe eye pattern of the output wave of the conventional digital filter receiver 
by 8-bit ADC is shown in drawing 10 and drawing 1 1 . Noise was set to 0 in this 
observation. An output wave of CIR=-24dB does not cross QPSK and 16QAM by 
one point according to the quantization error by the input of an excessive 
interference wave so that drawing 10 and drawing 1 1 may show. Average value has 
shifted under the influence of quantization. In order to cross by one pointas shown 
in drawing 12 and drawing 13 12-bit ADC is required. In this caseaverage value is 
set to about 0. 
[0065] 

On the other handan eye pattern of an output wave of a filter bank receiver of this 
invention is shown in drawing 14 and drawing 15 . Even if QPSK and 16QAM 
increase to CIR=-24dB so that drawing 14 and drawing 15 may showan eye 
pattern of 8-bit ADC is crossed by one point. 
[0066] 



The bit error rate (BER) characteristic in QPSK is shown in drawing 16 . Even when 
there is an interference wave of CIR=-24dBwith a filter bank receiver of this 
inventionthe almost same characteristic as a case where there is no interference 
wave by 8-bit ADC is obtainedso that drawing 16 may show. On the other handin 
the case of 8-bit ADCin the conventional digital filter receiverthe characteristic 
has deteriorated substantially in CIR=-18 and -24 dB. In order to obtain the same 
characteristic as a case where there is no interference wavewith a digital filter 
receiverl 2-bit ADC is required. 
[0067] 

Nextinfluence of an interference wave in 16QAM and 64QAM is shown in drawing 
17. The characteristic of QPSK is also shown in drawing 17 at reference. In the 
conventional digital filter receiverit is referred to as CIR=-18dB and interference 
quantity is stopped from CIR=-24dB of a filter bank receiver of this invention so 
that drawing 17 may show. It is 8 bit sampling altogether. A filter bank receiver of 
this invention is the same characteristic as a case where there is no interference. 
On the other handin the conventional digital filter receiverit has deteriorated 
substantially. 
[0068] 

As mentioned abovewith a software radio set using an RF filter bank concerning 
this invention. It is a software radio set which can form a matched filter of 
arbitrary input signals with combination of an RF filter bank which comprises two 
or more analog RF filtersand an optimal synthesis with a multi input linear 
equalization machine. 
[0069] 

As mentioned abovewhen letting computer simulation pass and using a filter bank 
receiver of this inventionit was shown clearly that reception which stopped an 
interferent component usually seen by a signal of RF belt is attained to a signal of 
various bandwidth and center frequency. It was shown that a quantifying bit 
number and working speed of ADC are mitigable. By this inventionit is thought that 
it becomes important with micrifying of an analog variable RF circuit by MEMS etc. 
as basic constitution for software radio including an RF circuit. 
[0070] 

Although an example mentioned above showed how to divide one signal and 
receivein addition if an RF filter is made variablevarious receiving gestalten can be 
considered. A training method is effective also as the proofreading method of an 
RF filter. 
[0071] 

As mentioned aboveby this inventionon the assumption that future integration RF 
filterintegration RF receiving circuitand highly efficient A/D converter (ADC) as a 
future software radio setAn RF filter bank was used for RF front endand a method 
of dividing a zone of one input signalreceiving and carrying out an optimal 
synthesis was indicated. 
[0072] 

That isin this inventiona method of forming arbitrary matched filters was indicated 



by digital signal processing to an output of an RF filter bank formed with RF 
variable filter on a semiconductoretc.and ADC following each of those RF filters. In 
this inventionin order to suppress influence which a deviation of each filter 
characteristics in an RF filter bank hasa method of performing an optimal 
synthesis with a least-squares method was also indicated. 
[0073] 

Specifically by this inventiona signal is reproduced by sampling a complex envelope 
first from a zone signal of each RF filter output which constitutes an RF filter 
bankand carrying out an optimal synthesis with a linear equalization machine by a 
multi input transversal filter. And a training signal is used for optimization of a tap 
weighting factor of a multi input transversal filter. It is preferred as the training 
signal to use a chirp signal. 
[0074] 

Nexta synthetic circuit can be used as a matched filter by acquiring a complex 
impulse response by time correction of an output to a training signal (chirp 
signaOand minimizing a difference with a symbol waveform of a sending signal. 
[0075] 

In shorta software radio set using an RF filter bank concerning this invention has 

the following main features. 

[0076] 

Firstit is forming arbitrary matched filters by an RF filter bank which comprises 
two or more RF filters as the 1st featureand digital signal processing. Nextit is 
carrying out the AD translation of the output of each RF filterand compensating a 
deviation of each filter characteristics with a multi input transversal filter as the 
2nd feature. And it is drawing a tap weighting factor of a transversal filter with a 
least-squares methodand carrying out an optimal synthesis as the 3rd feature. 
Finallyin order to derive a tap weighting factor of a transversal filter as the 4th 
featureit is using a training signal. 
[Brief Description of the Drawings] 
[0077] 

[Drawing 1] It is a block diagram showing the composition of the suitable example 
of the software radio set using the RF filter bank concerning this invention. 
[Drawing 2] It is a mimetic diagram for explaining a discrete chirp signal. 
[Drawing 3] It is a graph which shows the power spectrum and the gauss BPF 
characteristic of an input signal. 

[Drawing 4] It is a graph which shows the eye pattern of a synthetic output. 
[Drawing 5] It is a graph which shows the power spectrum of a synthetic output. 
[Drawing 6] It is a graph which shows the convergence characteristic of MSE in an 
RLS algorithm. 

[Drawing 7] It is a graph which shows the power spectrum in each filter output of 
an OFDM signal. Drawing 7 (A) is an output of filter #1and 35 and 7and drawing 7 
(B) is an output of filter #2and 46 and 7. 

[Drawing 8] It is a graph which shows the power spectrum of the compounded 
OFDM signal. 



[Drawing 9] It is a graph which shows the spectrum relation between a desired 
signal and an interference wave. 

[Drawing 10j lt is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by QPSK and 8-bit ADC. 

[Drawing 1 1] It is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by 16QAM and 8-bit ADC. 

[Drawing 12] It is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by QPSK and 12-bit ADC. 

[Drawing 13] It is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by 16QAM and 12-bit ADC. 

[Drawing 14] It is a graph which shows the eye pattern of the output wave of the 
filter bank receiver of this invention in case there is an interference wave of CIR=- 
24dB by QPSK and 8-bit ADC. 

[Drawing 15] It is a graph which shows the eye pattern of the output wave of the 
filter bank receiver of this invention in case there is an interference wave of CIR=- 
24dB by 16QAM and 8-bit ADC. 

[Drawing 16] It is a graph which shows the influence of the interference wave in 
QPSK. 

[Drawing 1 7] It is a graph which shows the influence of the interference wave in 
16QAM and 64QAM. 
[Description of Notations] 
[0078] 

1 The SDR receiver concerning this invention 

1 0 RF switch 

20 RF filter bank 

25 Band-pass filter (BPF) 

28 A low noise amplifier 

30 Mixer 

40 Reference signal generator 

45 Training signal generator 

48 Frequency synthesizer 

50 Low pass filter (LPF) 

60 A/D converter (ADC) 

70 Multi input transversal filter (TVF) 

80 Weighting-factor controller 

90 Demodulator 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0077] 

[Drawing 1] It is a block diagram showing the composition of the suitable example 
of the software radio set using the RF filter bank concerning this invention. 
[Drawing 2] It is a mimetic diagram for explaining a discrete chirp signal. 
[Drawing 3] It is a graph which shows the power spectrum and the gauss BPF 
characteristic of an input signal. 

[Drawing 4] It is a graph which shows the eye pattern of a synthetic output. 
[Drawing 5] It is a graph which shows the power spectrum of a synthetic output. 
[Drawing 6] It is a graph which shows the convergence characteristic of MSE in an 
RLS algorithm. 

[Drawing 7] It is a graph which shows the power spectrum in each filter output of 
an OFDM signal. Drawing 7 (A) is an output of filter #1and 35 and 7and drawing 7 
(B) is an output of filter #2and 46 and 7. 

[Drawing 8] It is a graph which shows the power spectrum of the compounded 
OFDM signal. 

[Drawing 9] It is a graph which shows the spectrum relation between a desired 
signal and an interference wave. 

[Drawing 10] It is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by QPSK and 8-bit ADC. 

[Drawing 1 1] It is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by 16QAM and 8-bit ADC. 

[Drawing 12] It is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by QPSK and 12-bit ADC. 

[Drawing 13] It is a graph which shows the eye pattern of the output wave of the 
conventional digital filter receiver in case there is an interference wave of CIR=- 
24dB by 16QAM and 12-bit ADC. 

[Drawing 14] It is a graph which shows the eye pattern of the output wave of the 
filter bank receiver of this invention in case there is an interference wave of CIR= 
24dB by QPSK and 8-bit ADC. 

[Drawing 15] It is a graph which shows the eye pattern of the output wave of the 
filter bank receiver of this invention in case there is an interference wave of CIR= 
24dB by 16QAM and 8-bit ADC. 

[Drawing 16] It is a graph which shows the influence of the interference wave in 
QPSK. 

[Drawing 17] It is a graph which shows the influence of the interference wave in 
16QAM and 64QAM. 
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c % m & m ffi L J; 5 ttsil] 

[ 0 0 0 6 ] 

-73, UHF»ttlORF*lC^T, ft f*0f&MI«tfai«> 

5 ft T S „ Iltj«4?/l/f^vy7h •7/l'f7ny7F (MI MO) S f3 ~> X A 

It % m -f 3 46 IC RFfO*«ftl±«jat?*«. *0*Tfe, R Ff Ot^ISStflf 

i&m * % % 7 * & ? • ? * >b * & * IfetlSTfe D> CMO S^MEMSfti!!: 

©^ai^pj^R f y * >i> * xmmwy ■< <d & ? %&^&m%:nM'? z z tit, ipnic 

[0007] 10 

* 58 nil « , ±&<d cfc 5 & * IS * o as o , # & w © @ ft t± , ^ « n © T » 
•®^<oi»**nr^i:bx so, mn fay ^ )i< z t mm 

f 5 C t K 3 o 
[KH£8?ffi-f5fci&©^IS] 
[ 0 0 0 8 ] 

* 58 BJ? t± , R F y -( $ • ^y^fflV^fty 7 F^iTliSfeiKHU * ^ W CD ± 
ag^lti, R F7-f/^ • /Sy^i^A/lh^^X-^-^;!/ • 7^^t*IAftV7h 

^iJiiSfiit'^^T, M IE R F 7 ;P # • ^ y if it . Ml » © R f 7 -f ;l/ * X ffi $ £ 
titfcD, f1jfe : &RF7'f;L'^©m7:^ADgglL, iiuSB^A77h7>'X/ i ;--y-;l''7-f' 20 

, tu IB R F 7 -f ;l/ 2 • ^ > * t 7 s -r S? * ;1/ ft # 8 «t 0 > &M<D&& y J ? * fc 
[ 0 0 0 9 ] 

A 77 h 5 > X A - -9- ;l/ • 7 ^ ;!/ * t , S#ffi»SiJffli#fc, (SHSi:, 

tu SB R F fg ^ • M/--y^i^«ax^7ftt, M IB R F7^H ^A>^(cA7J-rS 30 
R F ft £ , i9EH/--vyit58*ST?t)a?n5 

i 5 |c L v flu IB R F y )\> * - X y V it , ««ORF7-f;V??i)SSntfe5. itjj SB R 
F fit # • hU-->^{f^«^X^-y^Of±i77^«cfS^ ; &A73hL, «»<B©?&ttfe*§& 
tti2j-f3<fc5K:L* M SB ffi i& © 5 ^ "9- - , M SB R f 7 ^ /I/ * • > ^ fcb 7: £ ft 3 hu 

i b ffi » a © flf « fi # (c *f l t , MffiJSffi«^>*^w'"!fTf*iasn*iiia8*H*fto*-*' 

'J7if4fnfnSIt5J:5ei, flu SB ffi I5( © fg is? 3 7 ;l/ * t£ , flu SB 5 * +J" - co 

fg « a il 7 ;v £ o tJb 7: 7? £ ^ - x y K ft 9 -t v 7 s U > if L X , r 1 ' -y y * ;l/ fi *t f<: 
g «S -T 5 J; 5 L , ME*AAb5yX/<-*A"7-f**tt, hu IB IS ®L <0 A D ^ & gg © 

tii 77 m * its ^ fit t , ^&fM^*Ui7j-r5«fc5fc:t, mmm^mmmmmit. its ib a » 40 

ft ^ t tu IB I- U - - y if ft ^ fcf "T § il ■< y ^ >\> X J£ ^ i: <D M * ffl i/> T , M IB ^ A 7] h 
9 >• X z 1 ? — it ^ • 7 -f 71/ ^ <o £ >y 7° a ^ % %L *t S'J tfl ~t Z> <fc 5 L > ft? SB ffi IS #s « , tu 13 ^ 
ffifl^^ffiii-T^iliitc^D, V^i , SfiIBRF7^;l/^i:bT«, pT^Sfc«@£<D» 
^aJS7i';l/^ ; &fflv^iii:(c < j;!7, feS^li, MSB^^jl^7'C;l/^t±, 73'7Xfg^> 

7"i §*ffl^5ili:(cJ;0, 35 ^5 t/> {± , flu IB .« * 0& » ffl » & fi , hu IB ^ & {8 t fl(i IB II M 

{c « /h 2 * ffi k «t t> ©J s n s d t fc «t t) > 5 v> it , tu sb a /Jn 2 s ffi t l t « , ^ w 

a a /Jx 2 * ffi 7? 3 LMS7^JyXAX»R L SJAJ'JXLSI^Kilciot- 



(6) 



JP 2006-60386 A 2006. 3. 2 



[ 58 m CD Sft * ] 
[00 1 0 ] 

* % B£ tc ft 5 R F y 4 ))/ 9 • /^**l^ftV7h'5'i7j»i5fiiKJ:ntf, ¥ * f* 
1(DR F njg7-f ;^Sift*ff^Sn5R F7-f ;H • /S > ^ £ fF] </> T , tt,tOl^7^ 

n as <o k ^ tt fti * * m 1 5 <i i: # t* 1 § ^ o fc ft ft fc a& * * # t %> . 

[001 1 ] 

3: fc, * 5B HB «t ft»f, ¥ * I* ± * « nl t£ ^frJBiSSSu v ;l/ V K * 

[%B^%^ffi-r?>rc*coaMo^«i] 

[0012] 

< 1 - 1 > All com?* 

[0013] 

B 1 lC/^Jn5 *ftWlC&Z> S D R&mM 1 & , RFX^yf l Oi, RF7 

§%4?g4 5 «»©ig«aifl7-c;l'f (LPF) 5 0 «S«AD^^gg (ADC 
) 6 0 £ , ^ATlh^VX^-^^-^^;!/^ (TVF) 7 0t, l*itMtS8 Oi: 

[0014] 

0 1 KS3nft*«iOS DRSi«l Ete^T, RF7^7f 1 OS, 7 VrtT'S 
fa L fc Sft m im ^ (RF@t) *Ii9atffi4 0OHiiiffe5l> M (8 ffl W S « fc 
FU--y^ifSiS4 5?tl«n5l«U--^^if t« 3: W 0 * 3 o £ 7c , R 
F7^^'^>720Tli, R FX^7f 1 0 O Hi * « «f§ A t L , ^- © ft 77 ?ff 

m m *t * k A (K«iEofia-pfcs) © m e # *j l rc & ic , ?nfnoi§*iftr3fi: 

77 -r 5 = 

[00 1 5 ] 

* e , ffi & ( K m ) © = +^-3 013;, RF7^;H • ^y^2 o^5tHA?n«Ki 
OWWM^fCiifLT, # M ^ f£ £ g§ 4 0 <D til 77 T <& 5 # 5$ ft ^ P SB 5 « ffl ffi » ~> > 

■fe -y- -y if 4 8 t? £ fig s ft § as si is ffl m © * -v u r m ^ * =t n * n st s f § . fit, a 

1^ ( K m ) cofSiSlcSiii7^;l/^ (LPF) 5 0l±, 5 * it — 3 0 <D ttiJ] <?> ^ — X > F 
[00 1 6 ] 

* »C » tt IS (Kf@) OADtiiS (ADC) 6 0li, {£ M i& 7 ^ ;l> * (LPF) 5 0 
CO m 77 T? & § ^ - X y F it * -9" > 7" U > 7* L X > f y^^i§KS»t5. * L T 
, ^ A 77 ( K A 77 1 tb 73 ) h^>X/ i ?--9-;V-7i'7l/^7 0{i, H & (Kffl) CDADgS 
g§ (adc) 6 0com7:ff^^^®^^L, fcifiMfcttiTj-r*,, 

[00 1 7 ] 

C C T? , M^^i^*'Jffli§§8 0ti, ^ A 77 ( K A 77 1 Hi 73 ) F7>7^-*;1/- 7^;H 
7 0^P.a*5h8*«i^i: F U - - > y ft *t T * a S -Y > ^ ^ X JS » i: O M * ffl 
1/^ T > ^A77 (KA73ltiJ77) h 7 VX^-t^ • 7 -f 7 O O ^ 7 7i*§t5:Ki 

t % o 

[00 1 8 ] 

O^O, S*c^i»«iJfflIS8 0-pt±, ^A73 (KA73ltB77) F ^ > X - V )\> • 7 ■< Jl 
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«»S:ffl»t5 i^KLT^S. l^WftfSi LTIJ, ft * , M Ift # S 'h 2 Si & T- 
£ £ L M S 7 ;!/ =f U X A «f» R L S T )]/ =f 'J X A E «fe ra T M M £ ft 3 <E> ^ £F $ L ^ . 
[00 1 9 ] 

* & , mmm 9 o t± , ^ a tj ( k a * i tn 73 ) h^yx^-u-^ • 7^;i/^ 7 oft>5aj 

*j£ftS&i£{3*?£rHaB-f3o 
[ 0 0 2 0 ] 

J:0s¥fflfcI^H^1-5i:, S D RSlilC^3^T, RF7^H-/^^(i 

, *1 ft cD R F 7 ^ ;l/ * T" fl§ JjSc £ ft T D , # * « , K M <DW mmm7 4 to * (BP 

F) frf.liSntfc'), Ltt'tt, #B P F«^aa< A73RF{i^<D^i5lS,£<9K<, 

[ 0 0 2 1 ] 

<fc , R F 7 -c ;l/ 9 Hi tj <D m « ft # « , a - 7 -Y X m fl S «t o T ±i 4i S ft > S 5 K , 

^tifti^ij, i&mmmy * & $ clpf) ■vmmm.f&fttfm^-sn. a u^mm (ad 

C ) (ctOf-f ^^/HtKtSSns. * y 7 ;P 2 ft ft -r *? * ;H3 (i , % * S IS M 
it5. If Ml a IS Ml (i , h7yx/t-*;l"7-f;H (tvf) t§ii^i?n, § fg ^ 
-xAyKM^tftSin, s iig gg tc m i< ft * „ 

[ 0 0 2 2 ] 

CCT% R F7-f • /O^CATJ^nS R FA7]fff s (t )<D(ft>JiSS?: f c 

■r s . 

[ 0 0 2 3 ] 
[ft 1 ] 

,{t) = W,[e,(t)e™>] 

[ 0 0 2 4 ] 
[ft 2 ] 

(/) <=> e * (0 

{§ L „ e s ( t ) It IS. m n IS S£ V , E s ( f ) « , 1« * a IS fill e s ( t ) © 7 - U X ^ & ( Fo 
urierM) T? * 5 0 Oli7-'Jl|IS«)lI^it ( 
[ 0 0 2 5 ] 

kSI©R F 7^/Vi'(tl7J*^^7' , J >^Unfcl^x k ( t ) l± „ e x , „ ( t ) O E x , 

K (f)tLT, ^oiacajns. 

[ 0 0 2 6 ] 
[S3 ] 

^(0=^(0^ (/, " / ' > " M 

[ 0 0 2 7 ] 

CV/) = <M/)"*(/> M(/) 

:cf. f r . <p , « , & m * -v y r fa s?- « mi & m t a m ■v $> *> , w t t » , f , = f 

c ,O^0 r <2itt5. G k ( f ) , <D k ( f ) « , ftlftl, k#g©BPFi:i8*g88<D 
^ $ £ ft ft fU f# Mi ffl 3: ^ "T «, H k (f )HB P FOflffiiS^^M/l-X • l/X*>Xh k 
(t)07-'Jx*SIT*D> HT7B« fffi * {fc <0 tb IC „ * j& m £ ft © fij f# # 1 O # ■> X 
f B P F fct5„ 
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[ 0 0 2 8 ] 
[ft 5 ] 



H k {f) = e 



[ 0 0 2 9 ] 
[ft 6 ] 



Pk = (21n2) ' 5 t 



[ 0 0 3 0 ] 
[ft 7 ] 



H k {f)^h k {t) = ^P k e"* 



tz It L , B k tt*7^;l/*©3 d B»«tlTS&5, 



H k (B t /2)=vJ2 



[ 0 0 3 1 ] 

x k (t)£ADCfC c fcD^>7'0y^LTa^ftLfc*figS*g«{x k (i))tt5. 

fefii, x k ( i ) f± , ■y-v^u^yiHWS'&A t t lt, t , = i a toi^v^'jy^i* 
at. s (t )tfmmmmmz tircm^om^zmmw^ t , ax t Ltc t * , a t = 1 / 2 f . 

„T^5, * tc , M ^ > :/ 0 y & 3 ^ # ft M ^ > 7° 0 y ?'fc £ 9 , S^Kfi^U 
- h T? -9- V 7 s U > ^ -T 5 C i: t BJ fig T* » 5 (^#fF35:i«7#fi3) „ 

< 1 - 2 > « sg -a- $ 

s * % & & c ^<Dm, b p Foia»»oiis?£, *u *# © si s , aMo^iE^t??,, -r * t> 

% , HtlP>*MB£tfr%:LT . h7VXM-1f;l"7-f;H (TV F) {£ «fc !) ^ Si £ n 
3 ^ A * M ^ ft #§ T . 8 'h 2 £ }£ fc <fc DIS^)St5„ 
[ 0 0 3 2 ] 

fclTT'H:, K iSOUm (M«IE«lgftT-&£) TVF*ffl^T, B 'h ¥ 2 S M (M 

mse) m&ic £ *) mm-euRttft ? o $ m # y c i ) t± * ^o^cssns. 

[ 0 0 3 3 ] 
[ft 8 ] 




[ 0 0 3 4 ] 
[ft 9 ] 




[ 0 0 3 5 ] 
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[& 1 0 ] 



[ 0 0 3 6 ] 
[Si l] 



x* (/)=(*?(/) *?(0~ <(')- ^-(0) 



[0037] 10 
[» 1 2 ] 

x f (o =(«;(/) - *; (»•-'») - 

< 1 - 3>f-^-7 P fI^tC < fc§ h b- - y^/fl^ 

TVFO?7^I*«a*ftStifti!), ^-v-7°fi^s c (t)tCj;D, h U - - > 

c i: t * * o 

[ 0 0 3 8 ] 20 

Hfl « T L = L A t tft5o nSS ( - N f < n < N f ) O^HEW t € [(N t + n)T L , 
( N f + n+ l)T L ]tC*5lt5s c ( t ) it , ^©i^iCl^tlSo 

[ 0 0 3 9 ] 

[113] 



[ 0 0 4 0 ] 30 
1 4 ] 



0 -e^f-tii^lxp^ 



* A F t LT, f s = A F / 2 N f t*J^ £ fc, 85 » d «fc 9 , T d = d A , I s * £ n 

* B* M * 7 -fe -y h » , -<y/</PX*S*OW«!l«l^HIKIffl*-9-^^U^y"r*fc«)OfeOT 

$> So 40 
[ 0 0 4 1 ] 

KHnO(N t + n)T L +i A t fC *5 S ^ -V — 7 {3 *l £ s c ( i ) , ? tllcWTSf-/ 
•7?;H§^x„ , k (OitS, C CO B# gij co j£ & * m 2 © «fc 5 fc 7 h L ft fc © £ 

5(0 
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Xk(i) 

[ 0 0 4 2 ] 

ca i 5 ] 



N f 



(0- I 

n=-N f 



e j2xnfMi- d ) 



[ 0 0 4 3 ] 

[file] 



n=-N f 



t,± iS. W. W * -f > /< ;l/ X A * ft # £ * L . 

& iR ffi w * -r ^ ^ >v x a *j ft * ic m t § b p f ^ tg m ^ (d m «f % a f . l fc ** r> t , %x 
jimBmitmvmjitfAtim^s c t ) © x ^ * h >i/ £ h i; k ft s * 5 k > mit$%i%mttm 

fe-Ttill. ^?A^i?n«. s ( t ) o x * * h ;Wi , ■^y^^o/^i'XSigp 

r (t-r d ^£D^y^;^fB% Pr (1 - d)T?*t. 

<l-4>S^$I*2ia 

h L/ - - y y ff ^ fc ft t z> ^ - x > k t? o il m -f > >^ft> x jS g % 



5(0 

tit, # A 77 IK 9Mb 88 © 5 -y 7" ffl * WL £ , I^W*t'h2«aTfeSRLS7;Pd 

gxAxtiLMS7;i/iuxi,i;j;D«^ts ( # w a* a m 8 # ) 0 &xt>mi&mit® 
x(i) 

ic ft r % « m m n n * p ( i ) , ^-y^M^^^^^h^^w, sai«»*A(o<A^i) 

tt5, ffi&ffi*ttJMlB8£StJ(i)%ffl<^3o 
[ 0 0 4 4 ] 
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1 7 ] 



y(0 = 2>'-k«)f 



[ 0 0 4 5 ] 
[» 1 8 ] 



e(m) = p r (m-d)-w H x(m) 



10 

j (i ) * aa /h k -r s w * w c i )t?zt, w ( i )©si»r^»± 

[ 0 0 4 6 ] 
[Si 9] 



#(i) = P,('-^)-w fl (i-l)i(0 



[ 0 0 4 7 ] 
[» 2 0 ] 



P(<-l)t(«) 
W "A + i"(/)P(/-l)i(0 



[ 0 0 4 8 ] 
[ft 2 1 ] 

r(;) _ P(,-l)-k(Qx"(QP(/-l) 

[ 0 0 4 9 ] 

^(0=w( z --i)+k(orw 



[ 0 0 5 0 ] 
[S 2 3 ] 

p(o) = <r'i 

[ 0 0 5 1 ] 
C« 2 4 ] 

w(0) = 0 

50 
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C C T s <S li ?S 'h ft IE /£ ® T? , I K M x K M <D m &. U #l t? > OBKM^/cf 
[ 0 0 5 2 ] 

31 & W ft 'h 2 3d r£ T* & 3 R L S 7 >l =T U X A X fi L M S 7 )V rf U X A % , ± 3zE L ft h 

U - y J&ffl^T^HBWfctT 5 C «t D , o $ tK S)ll9!ili:$7 7'i»«S!4Miit 

ft h © g » * m « -r s c t A 1 1* 1 5 o 

<2>!tSI->5al'-v'3 > 

< 2 - 1 >->5al/->'3>'tft 

R F 7^;H • M > * £ m ^ ft V 7 h t> x 7 & m § fa « © S fB # 14 * iff fiffi 
•T & ft * K , f+ JS m > 5 a U - is a > % ff o ft . R F 7-^;H • /^i'lCli, SfXfA 
yF'<7-7V** (S7XBPF) £ ffl <^ 3 0 ft *5 , A D C Oi?ft?:K^T, It S t± 

as m « » n * » £ r« f? o ft o h ?it, sfiartT-^fig-rso-e, + # ^ ^ » x 

< A ti ic m S tt ft ^ t L ft . $ ft % I* + t'J7©tefBiilSWfcb/i: = 
[ 0 0 5 3 ] 

— ^OlitlT, !7 -f ;b £ • ^y*Oif7XB P F»3 d B ^ ft? i^M ± 5 % > 
fig f U »C ± 1 dB, ^ fiS (4 ffl 0 ~ 2 /r , fi)c 31 5E ± T s (1/8T, X r- <y X ) © ffi 

[ 0 0 5 4 ] 

~> 5 a u - ~> 3 > & * t ib m i e is f . 3M fi ft ^ 43 r a , g ii 5$ K Q P S K * 

58 PS lc M ^ ft o 
[ 0 0 5 5 ] 
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im i ] 



3f 1 ~>i*. u— 


>3 ls0kW 


SC : v'V^/W • *F-r y 7". MC : -*rA&*-Y V 7 








SC : 4, MC : 8 




104 kHz 


3 dB #«#i»^teffl: 


69.862 £ 5jt ^ 77.216 kHz 


-£-J5£#'J$tr: Gt 


9 ^ ^ 11 dB 




0 £ 0a < 2tt 


T 1 ^'ifa x^t* ■ * | I jf> 


-r, £ 5,,* ^ 7i (l/87i step) 




1/4T, 


y^sfSEfE: Z. 


SC:512, MC:768 


- *7 L y7°&: 2Nf + 1 


SC: 2048. MC: 1280 








64(16 *sl/i$jV) 


T VF # 7"^C 


32 


TVF 


RLS Tfl** y ) ^ 


StJgHK (RLS): a -1 


3.333(5:0.3) 


S£|J^& (RLS): X 


0.999 


\sS-?jV • ~T : 






QPSK 




416 ksymbol/s 




0.25 


^;Vf*-r!>T (OFDM) : 






QPSK 


DFT jK-O- h^CW 


64 




52 


if— K • ^'Vkft 


#/4 tf-l' > h 


3r-T V TB3PS A/ 


12 kHz 


-»rt?/Ui£g: 1/T, 


768 ksymbol/s 




0.1 



<2-2>f>^;P • * -V U 7 fc fc it § S ft # 14 

$ f , S/ V y ;l/ • + + U 7 CD ft § fa tc ffl •? 5 > 5 a \s - is a > * ff r> tc „ ft ft # © 50 
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W. m S *S t> e , (t)%TIE«2 5ttS. 
[ 0 0 5 6 ] 

[ m. 2 5 ] 

y=-oo 

C C T* s 1 / T s t± ~> > # ;l/ ■ U - h * m L , b ( 1 ) « B# gij j T , © Q P S K g fc tt 1 
6QAMO->y*;l/$if. $ fc , p r ( t ) « , m ft 2 ft 5 ll - h • a - ;l * 7 ■ ^ )V X 

10 

[ 0 0 5 7 ] 

;]/— h • D-;1/^70Q P S KSfcii 1 Q Q k M <D Xft in ^ 7* t> h )\y & m 3 K Tji? 0 
it^^COV^TIi, 0%m j f > -r<1"«fci6(C, - 6 d B ->7 h Ltg^Lf;. 
*2tifeQ P S Kflij07-r ■ ;^-y*H4E*t, ^ fiK L fc iB * , §i^KS^7-f 

;H^i«sn, fftisifSoft^iSWSiiSigiii'ssnTv^. jer m * © * * x ^ * 

h;l/?:il5(c^tc B P F tf JS ft & > fig f U f# , £ ffi ffl cd fl M © W & K M fc> £ f\ a 
^ y • n-;l/;t:7©x^^ h ^ t — & L fc 0 R L s 7;l/J 'J XAlctelt 5 ¥^ 2 Sii 
( M S E ) OlRSOi^ t^i6t^t„ EI 6 lb ft 5 <fc 9 fc , fT^ISi^S SifilR 
$t560Xf 77KB, SIKIRSLT^*. MS EOlili, 7 7oiffkii 

tflUnfctCtf i^tlS. 20 



<2-3>Y;Vf++iJ7 Cil3*JSi8SC##J£S (OFDM) ft ) fC J3 S £ ft If tt 
35? £ , SSftSSccTi:©fS!|ffl«l3t%5Si8-r5fe46fi:, ?*f+t'J7 ( O F D M ft *f ) 
3 § ft W 14 £ fffffi L <> 88 IK L A N m *S I EEE802.1 1 a iCt^M l> tz 

Ltc (IPftmJlffi. 9 #JSO o fcfct, • ^ t 'J 7 o t f ;V i: iti t ^ J; a lc 

, ^7*t'J7ffli^iILft. 
[ 0 0 5 8 ] 

X-^^h;l'-vx^^S§fc-r<fc'5(c: > SMfgfs^fctin — ;l/ 17*0 . l © ;V — h • n - 
A> * 7 • )V X p r ( t ) % m V> 3 o * © i6 , OFDMOIJ-7+f 'J7Ii»Bfl* A ( 
2; L > Sfc, 'JTaNCMLT, N h = (N - 1 )/ 2 5 i:, OFD 30 

M©*liRSMe s ( t ) « , ^Oi5K4«. 

[ 0 0 5 9 ] 

[ft 2 6 ] 

OO 

j—~co 



[ 0 0 6 0 ] 
[ft 2 7 ] 

N h 40 



fc/?L, lb, (J))li, nf SOt7* + U 7©«fi j T s [:fc^SQPSK^16Q 
AMSU'ro-yy-f/^it, *r - K • -Y y 9 — * ( G I ) tftsnt^Skt*. 

[ 0 0 6 1 ] 

7 ^ )V9 • nB P F^jijlLrcfS^©«tlX^^ h A/ 0 7 
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< 2 - 4 > m 13 J: tf =F j$ W 'ft 

•;^>Sii!:t.it5) Of»W6*Si6frli:t5fti!)« *P & '14 6 *f r> X It 
« (AWGN) iliS(C^«JiTi!!l«lILTg^(ftt4iltLft. 31 H IS ^ T M 

Si (t ) tcom&zm 9 icm? „ t $s »^ im ft i: l , foisisef c *^o*7 
•t >y h * -> > # ;P • u - h o 2 L fc „ 4fgty7"'J cnfitllti:, x 

[ 0 0 6 2 ] 
[»28] 

Sj (?) = SR[V 2>r(A+2/3;) '] 

Jt & <d 46 , ft^of^^'^/i/ • 7 fli , ¥ £ > 7 s ■< i? Z )l • 

7-f/i'?siiit»t5) ot$ttti£bf;o c <d m , e -a- -7 ;l/ * a , -r *J * )\> 
- y j >i z mifX'&i&z nz> o r v • x >c y 7 x s fs 7 a y • 7 <t a* * a , ± 2 / t 
, o»«ioii7-f;^J:t5. 

[ 0 0 6 3 ] 20 

fe 0 ft *5 , tu t «fc 5 , spj f# , f4 ffl ^ m w m <d m m. « , « }fi ^ ^ e <t d «s ie t* t s 0 

Tf . W T T* t± C ft €> <D M m it ft ^ t V fc o $ ft , 8 tT -y h • * V 7° U > ^ £ S * K W * 
j§46 3 o 
[ 0 0 6 4 ] 

£ f\ 8 e -y h A D C \Z J; 5 fit * O 7* -c 5> * ^ • 7 ^ ^ * SilOtfJ^Si^O 74" • /< 
Otli lfc^fo c © & fflfl T? ti , $t « 0 £ L ft 0 Hi OfttfBl l *» e> 
3 J: 3 tC , C I R=-2 4 dBOW*iS0B, QPSK, 1 6QAMttI^4f» 
&©A^tcJ:SM^ft!^M(cJ;^T, - ;S T* * a X b T V> * . £ tc , 

|^|tf->7l-LT^5 1 - £ T- * D X "T § 46 fC It , 0 1 1 3 ^ T <t 5 fC , 30 

1 2lf7hOADCtf*5ST'$5. COl^, ¥ £ IB fct , « i£ 0 K. ft S . 
[ 0 0 6 5 ] 

- 73 > *^Bi§07^;V^ • /^^SIloiii^S^OT^ H l 4ili 5 

{C ,Tn IT 0 11 1 4 R El 1 5 ^ y^fr 3 £ 9 K: , QPSK, 1 6 Q A M i: t IC C I R = - 2 
[ 0 0 6 6 ] 

QP S Kttiltse-y (BER) #'14^:01 6C*t„ Ell 6A^^^5i5 

(C , *fgH^co>'-i , ;l/^ • ^y^§Iit*(i, C I R = - 2 4 d BOT»SA ! i&5^^t*fe 
N 8 fcT -y h A D C K «fc 0 T ffi ft ft *§ ^ i: , S t A, if N C <Rf 14 ^ ft 5. n § 0 - * , fi£ * 
(D ? J iS ft ft, • ? j ;l> $ § ff ttt T* It , 8 l£ -y FAD C Oi p, C I R=-l 8,-24d 40 
B tC $3 V> T , It 14 £S ^ g (i: £ ft; b T § „ 4 *J % )\> - 7 J >V $ $k {B fflt ~£ i& ft ^ 
£ i: ra C # 14 * ff 5 fc 46 tc {± s 1 2t£«yKZ>ADCtf&gt?fc5„ 
[ 0 0 6 7 ] 

^ tc , 1 6QAM.6 4QAMtCfc^§ : f^»©K# ; &Ell 7fC^-r o ##CQ P S K 
1 7 tc ?jk T o Ml 7 frbftfrZ & 5 ifc * © -r -f 'J $ )\> ' ~? -i ^ % S ft tS T* 
t± , C I R = - 1 8 d B t U *^W07^;P? ■ V ^ S ffl « <0 C I R = - 2 4 d B J; 

§ 18 HHi s f ^^S^i p i P C # '14 T $> 5 o -73 , f ^OfV '7?^ • 7^;l/?gfli 

-e it * m ic & it L t o 

[ 0 0 6 8 ] 50 



JP 2006-60386 A 2006. 3. 2 



[ 0 0 6 9 ] 

$ ft , ± m L ft X o K > tHii/5aU-->3>*ILT, *««C7^H-^V> 

n § =f it # * sp a ft s ft ^ pj gg ic ft s c k £ e. tc l ft . a d coi?ftf 

7 FfitlffiiS^HTf §Ci:5^l?:. RF@BS$tFV7h , >i7 
[ 0 0 7 0 ] 

ft *J , ± a L ft * S£ 09 T? ti , -OOffi^*»fiJLTSM-rS7affi**U^:*^ * O fffi E 
{>RF7-f;H4BIS(Ctntf, «<fftSiigffitf**5n5. £ ft ^ hU---^y73^ 
It R F7-f;HO«!jE7faJ:LTt.flSa)T3&«. 
[ 0 0 7 1 ] 

± j£ L ft 5 (C , # 8 HH T & , S*Ol«ftR F 7^;^< * *i {b R F § ft 0 SS & £ 
& M A D M gg (ADC) ^iSH, j?*OV7hf i7»ISilHT, R F 7 

, a ® Jt -r s 7? a % n * l ft . 20 

[ 0 0 7 2 ] 

y^k, fti^cSR F 7 -f ;l> 9 tc ^ < ad C <D to 2j fc ft •? 2> -r -c * )\> fm mmic £ K> 

, &M<omisy 4 * z *mi&-t 2>J3m*ffl*Lrco * ft , *a?!Ttt, rf7^^-^ 

fig * fj 5 7a a fe P^fl ^ L ft o 
[ 0 0 7 3 ] 

iftWts, * % W T t± , Sf, R F 7 * ;!/ * • > * « fiX T § & R F 7 f ;b * til 7: 

o *tf a it # ^ h m m s & us * -9- y 7° u v y t , jx*h5>^/<-** - 

M ^ ft 7? « ig ^ T 5 C i: tc £ D , ft ^ £ If £ T 3 0 ?LT> ^A*h5VXM-1f 30 
;l/ • 7 -f ;P # co * >y 7* S # ft ft © ft il fb co ft * tc , h u-r. y ^i^^ffli/^, * ft , 
co h u-^yyi^t LT, ^ ^ - 7 (S ^ £ ffl ^ 3 C ttf1ff& L^o 
[ 0 0 7 4 ] 

* t , y\s--y*fmsi ( f - -v - 7/ d ^ ) m -r s m 77 © n# m m je ic <t o a * w > * /i 

x jcS «F * K f# L , « ft ^ co -> v dOWfi » k © M £ » /Mb lT ?> £ k tc £ D , £ fig m SS * g 
^7^H£t?ii: t^t'f 5. 

[ 0 0 7 5 ] 

S -T 5 tc N *%l(CI5RF7'f;l'? •' l !y^5:ffli/ 1 fty7F7i7iS§feSii, ^ 
© <t ^ ft ± ft ^ IS * L T V> 5 o 
[ 0 0 7 6 ] 40 
S "T , Sl©#MkLT, ISOR F 7-^HT'I^^tlS R F 7 ^ • ^ > ^ t r 

^y^^I^illciD, ffi * co S £ 7 w ;v * * & f& ■? % c t -v & S o * tc , »2 0#« 
i: L T (i , #RF7^;^OfflA^ADgjtL, J AA h ■ A 

i)I'{;^7^;V7#ttoiS^««'r«c i:t?fe5o f Lt, i 3 co^Si: Lttt, * /h 
2*ffitcj;0 h^>X^--9-;b- 7^H0^77"I*«^#WU IJi^iTS c i: 
TS5 0 a fC % !40fti:lTtt, h5yX/<-tA"7-f*>OJ'i'7"I»W* 
# Hi t Z> ft i6 IC , h ^-7^l§^ffl^5C 

[g]fficoffi#fttttW] 

[ 0 0 7 7 ] 

[01] *SHl:«5RF7-f ;H • ^>^Sffl^fcV7 h^iTiH^Mi^ifSft* 50 



JP 2006-60386 A 2006. 3. 2 



J|ffl©«j«*S-r , 7ny*BI'C**o 
[02] iftf + -^fif4KBit«ft»OliaBi"e*5o 

[04] ^^ffiA^7^f • ;^-y*/fNt^777feSo 

[05] ^j5gm*o«*x^^h;i/*^ , r^'57T?&So 

[06] R L S7;I/dTiJXAKt)»5MS E<DlRS«Ftt«St^77T65o 

[07] O F DMfi§(D§7>r;l/*tll*lCfcMJ5tAX^^ b ;l/*St ^ 7 7 T* » 5 o 0 

7 (A) « , 7-f;H#l,3,5,70|llA7, 07 (B) tt . :7^;b##2,4,6,7<D 

[H8] ^jSStlftOFDMgf«t^X^n;^St^77T^5o 10 

[09] ftl@^fcf»I^x^^h;l/|I?:/fNty77-efe5o 

[ 0 1 0 ] Q P S K , 8 1f 7 FOADCt, C I R=-2 4 d B ^)T$fttf §i p 
*Of^y** * 7^HSi«OW*aig07^ * /<>-^S*ty77?*5a 

[011] 16QAM, 8lfy hOADCT, C I R = - 2 4 d B OT8liStf*5l§0 
ffi*^fV^^/l/ • 7^V^§ll^ffiAiS«^7'{ • /^>->SSt^77T$5c 

[ 0 1 2 ] Q P S K , 1 2 If 7 h<DAD CT\ C I R = -2 4 d B OTiitffe^S^O 
U * O -5* *r Z? * ;l/ • 7 ;l/ ? § ft 48 <o tH S B <o T 4 • ;^->*^t^77'C85o 

[013] 16QAM. 1 2lfy hOADC?, C I R = - 2 4 d B OTSStf $«8^ 
<o fie * O S> * ;I/ • 7-f;V*8fliOffl*i6»07d' • /^->4^ty77f 85o 

[014] QPSK, 8 1f7hOADCT\ C I R=-2 4 d B Of S 20 

18 o 7 >r ;i/ # • # &iMWk<omiiWU&<D7 ^ • /^-y^St^77t^§ 0 

[015] 16QAM, 8 If 7 hOAD Ct\ C I R = - 2 4 d B 
* % 0£ O 7 y ^ ^ • * &{gWk<Dttii3l&l&<DT J • ^?-yS*t^77T^5o 

[0 16] Q P S KlCfetf Sf»8[Oei*Sty7 7^*4o 
[0 1 7] 1 6 Q AM,6 4 Q A M[Cfett^ : Fi$i0^i^^t^7 7t$4o 

[ «f <d m m ] 

[ 0 0 7 8 ] 

1 *«Bt«5SDRSil 
10 RFX>f7f 

20RF7y;1/^-^^>^ 30 

2 5 f SIii7^/^ (B P F) 

2 8 ; j xmmw* 
30 

40 #ihm«£» 

4 5 H/--> ^{B#3g£« 

4 8 HKRS/V'fe^^lf 

50 ffi«i!7>f;H (LPF) 

6 0 AD £&gg (ADC) 

70 ^A*h7>X^-*/l/' 7^*? (TVF) 

8 0 I»«SIJ»S 40 

9 o 



(18) 



JP 2006-60386 A 2006. 3. 2 



[HI] [0 2] 




-100 0 100 200 300 4O0 00 06 1,0 

mmt [kHz] *imaE*MB 



(19) 



JP 2006-60386 A 2006. 3. 2 



c m 5 ] [06] 





(22) 



JP 2006-60386 A 2006. 3. 




(23) 



JP 2006-60386 A 2006. 3. 2 



(SOlnt.Cl. F I (##) 

HO 4 J 15/00 (2006. 01) H 0 4 J 1 5/00 

(nmmm m>\\ 

*Mffl5SMK*H04 2-12-1 

F^— 5J023 DB05 DC03 DD03 DD07 DD09 

5K020 BB05 BB06 BB08 DD01 EE01 EE05 EE06 EE16 FF00 GG00 

GG01 HH11 KK01 
5K022 FFOO 

5K052 AA01 BB02 DD04 EE02 EE04 EE11 EE38 FF01 FF02 FF31 

GG31 GG32 GG34 GG48 

5K062 AA01 AB07 AC01 AD04 AE01 AE03 AE05 AF04 BA01 BC01 

BC02 BC03 BC09 BC11 BE08 BE09 



